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(57) ABSTRACT 

A sheet conveyance apparatus includes a sheet conveyance 
path, a first conveyance mechanism located upstream in the 
sheet conveyance path, and a first drive mechanism config 
ured to drive the first conveyance mechanism. The apparatus 
further includes a second conveyance mechanism located 
downstream in the sheet conveyance path, a second drive 
mechanism configured to drive the second conveyance 
mechanism, a first intermediate conveyance mechanism 
located between the first and second conveyance mechanisms 
in the sheet conveyance path, and a first drive transmission 
mechanism configured to intermittently transmit drive force 
from the first drive mechanism to the first intermediate con 
Veyance mechanism. The sheet conveyance apparatus can be 
provided in an image forming apparatus. 

16 Claims, 5 Drawing Sheets 
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FIG. 2 
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FIG. 7 
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SHEET CONVEYANCE APPARATUS HAVING 
MECHANISM FOR FLEXBLY 

CONTROLLING INTERVAL BETWEEN 
SHEETS AND IMAGE FORMINGAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a sheet conveyance appa 

ratus for use in an image forming apparatus, and more par 
ticularly to a sheet conveyance apparatus having a mechanism 
for flexibly controlling an interval between sheets for use in a 
sheet reversing unit of an image forming apparatus. 

2. Discussion of the Background 
Against a background in which an amount of data used in 

business operation is increasing, there has been a growing 
demand to reduce an amount of paper used for printing Such 
increased data. As a solution, double-sided image forming is 
performed so that the amount of paper used for printing can be 
reduced to cut cost. For an image forming apparatus to have a 
double-sided image forming function, a mechanism for 
reversing a sheet is required for transferring image informa 
tion to two sides of the sheet by using a single transfer unit or 
a series of transfer units. Many sheet reversing units adopt a 
Switchback mechanism for reversing a sheet having an image 
formed on one side thereof while the sheet is conveyed. For 
Such a sheet reversing unit to Successively reverse a plurality 
of sheets, a conveyance path and an interval between sheets 
need to be long enough for performing a Switchback opera 
tion. 
On the other hand, there has also been growing demand for 

increases in speed and productivity of image forming. There 
fore, is it difficult for an image forming apparatus to have a 
conveyance path having a length long enough for reversing a 
sheet, while at the same time having enough of an interval 
between sheets in order to archive an increase in image form 
ing speed. Additionally, the trend in the image forming appa 
ratus industry is towards reducing the size of the image form 
ing apparatus. 

Further, efforts for improving the productivity of image 
forming, which is represented by a number of sheets on which 
image forming is performed in a unit time, have been made by 
not only increasing the speed of conveying a sheet but also 
reducing the interval between sheets. Therefore, a sheet needs 
to be reversed in an increasingly shorter period of time. 

In recent years, along with information digitalization, 
interleaf control for double-sided image forming has been 
developed. In an interleaf control operation, a first image 
forming is successively performed on first sides of a plurality 
of sheets while the sheets are conveyed into a reverse path 
after the images are formed. Then, image forming is alter 
nately performed on second sides of the sheets having the 
images formed on the first sides and newly Supplied sheets. 
A background sheet conveyance apparatus includes two 

driving sources independently provided for conveying a sheet 
into a reverse system and for Supplying a sheet having an 
image formed on one side thereof so that productivity can be 
improved with a low-cost configuration. 

Another background sheet conveyance apparatus includes 
two motors configured to independently operate. One of the 
two motors serves as a driving source for conveying a sheet 
for a discharge operation. The other serves as another driving 
Source for conveying a sheet for a double-sided image form 
ing operation. 

Further recently, non-stack interleaf control for double 
sided image forming has been in use. In a non-stack interleaf 
control operation, a sheet having an image formed on one side 
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2 
thereof is Supplied for image forming on another side thereof 
without putting the sheet in an intermediate Stack tray. For 
improved productivity, performing the non-stack interleaf 
control needs a mechanism for Suspending conveyance of a 
sheet in a conveyance path located between a sheet reversing 
unit and a position of a pair of registration rollers arranged 
upstream of an image forming unit in a sheet conveyance 
direction. Without the mechanism, a long interval is needed 
between sheets, resulting in lowered productivity of image 
forming. A large-scale and high-speed image forming appa 
ratus for performing double-sided image forming by using 
the non-stack interleaf control, in general, has a long convey 
ance path, thereby resulting in, in particular, lowered produc 
tivity. 

For such an image forming apparatus to have a shorter 
interval between sheets, a plurality of waiting positions need 
to be arranged for a sheet. When an image to be formed 
includes a great amount of data (e.g. a picture), a sheet waits 
at a registration position before image forming for a long 
time. As a result, following sheets may come into conflict 
with each other. 

Another background sheet conveyance apparatus includes 
a mechanism for causing a plurality of sheets to wait in a 
conveyance path. Further, a distance between a reverse unit 
and a registration unit is configured to be greater than 216 mm 
multiplied by a number of sheets subjected to an interleaf 
operation. The mechanism includes a plurality of drive units 
independently driven by respective motors so that the plural 
ity of sheets can be stopped at respective waiting positions. 

SUMMARY OF THE INVENTION 

This patent specification describes a sheet conveyance 
apparatus including a sheet conveyance path, a first convey 
ance mechanism located upstream in the sheet conveyance 
path, a first drive mechanism configured to drive the first 
conveyance mechanism, a second conveyance mechanism 
located downstream in the sheet conveyance path, a second 
drive mechanism configured to drive the second conveyance 
mechanism, a first intermediate conveyance mechanism 
located between the first and second conveyance mechanisms 
in the sheet conveyance path, and a first drive transmission 
mechanism configured to intermittently transmit drive force 
from the first drive mechanism to the first intermediate con 
Veyance mechanism. This patent specification further 
describes an image forming apparatus including the sheet 
conveyance apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the disclosure and many 
of the attendant advantages thereof will be readily obtained as 
the same becomes better understood by reference to the fol 
lowing detailed description when considered in connection 
with the accompanying drawings, wherein: 

FIG. 1 is a schematic illustration of a general configuration 
of an image forming apparatus including a sheet reversing 
unit according to an embodiment of the present invention; 

FIG. 2 is a schematic illustration for explaining sheet con 
Veyance rollers and paths of the sheet reversing unit shown in 
FIG. 1: 

FIG. 3 is a schematic illustration of a mechanism for driv 
ing the sheet conveyance rollers shown in FIG. 2; 

FIG. 4 is a partial perspective view for explaining a drive 
transmission mechanism of the sheet reversing unit; 

FIG. 5 is a partial perspective view for explaining another 
drive transmission mechanism of the sheet reversing unit; 
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FIG. 6 is a schematic illustration for explaining how sheets 
are reversed and carried out by the sheet reversing unit; 

FIG. 7 is a schematic illustration for explaining how sheets 
are reversed and carried out by the sheet reversing unit; and 

FIG. 8 is a schematic illustration for explaining how sheets 
are reversed and carried out by the sheet reversing unit. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In describing preferred embodiments illustrated in the 
drawings, specific terminology is employed for the sake of 
clarity. However, the disclosure of this patent specification is 
not intended to be limited to the specific terminology so 
selected and it is to be understood that each specific element 
includes all technical equivalents that operate in a similar 
manner. Referring now to the drawings, wherein like refer 
ence numerals designate identical or corresponding parts 
throughout the several views, particularly to FIG. 1, an image 
forming apparatus according to a preferred embodiment of 
the present invention is described. 
A general configuration of an image forming apparatus 1 

using an electrophotographic method such as a laser printer is 
described below referring to FIG.1. As shown in FIG. 1, the 
image forming apparatus 1 includes an image forming unit 2. 
a sheet discharge tray 4, a sheet reversing unit 5, a plurality of 
sheet feeding trays 11, a pair of registration rollers 13, a fixing 
unit 25, and a sheet branch pawl 31. 

The image forming unit 2 includes a plurality of photocon 
ductors serving as latent image bearing members, charging 
mechanisms (not shown), a latent image forming mechanism 
(not shown), developing devices (not shown), and an inter 
mediate transfer belt. 
The plurality of sheet feeding trays 11 adopting a front 

loading method are located below the image forming unit 2. 
The sheet discharge tray 4 is located above the image forming 
unit 2. 

The sheet reversing unit 5 is vertically arranged at a right 
side of a sheet conveyance path which is vertically arranged 
for transferring an image onto a sheet. The sheet branch pawl 
31 is located downstream of the sheet conveyance path. 
An image forming mechanism of the image forming appa 

ratus 1 is basically the same as a background image forming 
mechanism. In the image forming unit 2, the plurality of 
photoconductors are driven to rotate in a clockwise direction, 
as shown in FIG. 1. Surfaces of the photoconductors are 
evenly charged by the charging mechanisms, and are exposed 
to light by the latent image forming mechanism according to 
image information so that electrostatic latent images are 
formed on the surfaces of the photoconductors. Then, the 
electrostatic latent images are developed by the developing 
devices so that toner images are formed on the respective 
photoconductors. The toner images are then transferred onto 
the intermediate transfer belt to form a full color toner image. 

In the meantime, the sheet feeding tray 11 puts out a sheet 
serving as a recording medium to the right in FIG.1. Then, the 
sheet is substantially vertically conveyed in an upward direc 
tion. The sheet is further conveyed to the image forming unit 
2 by the pair of registration rollers 13 in a predetermined 
timing. 

The full color toner image is then transferred onto the 
sheet, and fixed by the fixing unit 25 so that the sheet has an 
image on one side thereof. The sheet having the image is 
finally discharged to the sheet discharge tray 4. 

In a case of double-sided image forming, a sheet having an 
image formed on one side thereof is conveyed into a sheet 
reversing unit 5 by using the sheet branch pawl 31. The sheet 
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4 
reversing unit 5 switchbacks the sheet, and feeds the sheet 
again to the pair of registration rollers 13. The sheet is then 
conveyed to the image forming unit 2 where another image is 
transferred and fixed onto the other side of the sheet. The 
sheet having images formed on both sides thereof is dis 
charged to the sheet discharge tray 4. 

In the image forming apparatus 1 according to the embodi 
ment of the present invention, the sheet is discharged face 
down, and, therefore, a plurality of sheets are discharged in an 
ascending order of page numbers. In the case of double-sided 
image forming, a second page is printed first, and a first page 
is printed thereafter. 
A general configuration of the sheet reversing unit 5 is 

described below referring to FIGS. 2 to 4. 
As shown in FIG.2, components of the sheet reversing unit 

5 include a registration sensor 12, a carry-in conveyance path 
50, a reverse branch pawl 53, an entry sensor 54, a carry-out 
conveyance path 60, and an exit sensor 64. 
The sheet reversing unit 5 includes two conveyance paths, 

the carry-in conveyance path 50 and the carry-out conveyance 
path 60. The carry-in conveyance path 50 includes a reverse 
roller 51 and a reverse conveyance roller 52. The carry-out 
conveyance path 60 includes a first intermediate conveyance 
roller 61, a second intermediate conveyance roller 62, and a 
carry-out roller 63. The carry-out conveyance path 60 is sub 
stantially vertically arranged. 
The carry-in conveyance path 50 receives a sheet when the 

sheet branch pawl 31 causes the sheet to be conveyed into the 
sheet reversing unit 5. The carry-out conveyance path 60 
conveys the sheet in a downward direction when the sheet is 
brought therein by the reverse branch pawl 53 after a convey 
ance direction of the sheet is reversed. The sheet conveyed in 
the carry-out conveyance path 60 is brought into the sheet 
conveyance path which conveys a sheet Supplied from the 
sheet feeding tray 11. 
The reverse branch pawl 53 includes a pawl and a solenoid 

(not shown), and is located upstream of the reverse roller 51. 
The reverse branch pawl 53 leads a sheet to the reverse roller 
51 when the pawl is in a default position. Further, the reverse 
branch pawl 53 leads a sheet brought out by the reverse roller 
51 after a switchback operation to the carry-out conveyance 
path 60 when the pawl is shifted by using the solenoid. 
The entry sensor 54 is located between the reverse roller 51 

and the reverse branch pawl 53. The exit sensor 64 is located 
in the vicinity of the carry-out roller 63. 
A general configuration of a mechanism for driving the 

above rollers in the sheet reversing unit 5 is shown in FIG. 3. 
As shown in FIG. 3, the sheet reversing unit 5 includes two 
stepping motors, a reverse motor 55 and a carry-out motor 65, 
serving as drive sources. The reverse motor 55 drives the 
reverse roller 51 to rotate in both forward and backward 
directions, and driving force thereof is transmitted from the 
reverse roller 51 to the reverse conveyance roller 52 and the 
first intermediate conveyance roller 61 via a timing belt and a 
timing pulley. The carry-out motor 65 drives the carry-out 
roller 63 to rotate, and driving force thereof is transmitted 
from the carry-out roller 63 to the second intermediate con 
veyance roller 62 and the first intermediate conveyance roller 
61 via another timing belt and another timing pulley. 
A mechanism for transmitting the driving force is 

described below referring to FIG. 4. 
As shown in FIG. 4, the sheet reversing unit 5 further 

includes timing pulleys 56 and 66. The timing pulley 56 
includes a built-in one-way clutch (not shown), and is con 
nected to a shaft of the first intermediate conveyance roller 61. 
The one-way clutch of the timing pulley 56 locks to transmit 
the driving force of the reverse motor 55 to the first interme 
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diate conveyance roller 61 when the timing pulley 56 is driven 
in a direction for conveying a sheet into the carry-out convey 
ance path 60. The one-way clutch of the timing pulley 56 
prevents the timing pulley 56 from transmitting the driving 
force of the reverse motor 55 to the first intermediate convey 
ance roller 61 when the timing pulley 56 is driven in an 
opposite direction to the direction. The timing pulley 66 
includes another built-in one-way clutch (not shown), and is 
connected to the first intermediate conveyance roller 61. The 
one-way clutch of the timing pulley 66 locks to transmit the 
driving force of the carry-out motor 65 to the first intermedi 
ate conveyance roller 61 when the timing pulley 66 is driven 
in a direction for conveying a sheet along the carry-out con 
veyance path 60. The one-way clutch of the timing pulley 66 
prevents the timing pulley 66 from transmitting the driving 
force of the carry-out motor 65 to the first intermediate con 
veyance roller 61 when the timing pulley 66 is driven in an 
opposite direction to the direction. 
The first intermediate conveyance roller 61 receives the 

driving force from the two motors through the two sets of 
timing belts and timing pulleys, and conveys a sheet along the 
carry-out conveyance path 60 toward the carry-out roller 63. 
Alternatively, the sheet reversing unit 5 can include the first 
intermediate conveyance roller 61 and a third intermediate 
conveyance roller having a one-way clutch. The third inter 
mediate conveyance roller can be placed downstream of the 
first intermediate conveyance roller 61 for receiving the driv 
ing force from the carry-out motor 65 through a timing belt 
and a timing pulley. In this case, a distance from the third 
intermediate conveyance roller to one of the reverse roller 51 
and the entry sensor 54 is set to a value shorter than a length 
of a smallest size sheet used for double-sided image forming 
adopting a three-sheet interleaf method. An intermediate 
waiting position can be set between the first intermediate 
conveyance roller 61 and the third intermediate conveyance 
roller. Alternatively, the intermediate waiting position can be 
set downstream of the third intermediate conveyance roller. 

Next, the operation of the sheet reversing unit 5 is 
described below. 
When a front end of a sheet having an image formed on a 

first side thereof passes through the fixing unit 25 and reaches 
a predetermined position, the reverse motor 55 starts driving 
the reverse roller 51 to rotate in a carry-in direction (the sheet 
is conveyed to the right in FIG.2). The sheet turns on the entry 
sensor 54. Then, the reverse roller 51 and the reverse convey 
ance roller 52 convey the sheet to the lower right. A rear end 
of the sheet turns off the entry sensor 54 after the rear end of 
the sheet passes by the entry sensor 54. Then, the reverse 
motor 55 stops driving, and the solenoid of the reverse branch 
pawl 53 is turned on. 
When a predetermined period of time is passed after the 

conveyance of the sheet is stopped, the reverse motor 55 starts 
driving the reverse roller 51 to reversely rotate so that the 
sheet is switchbacked. The switchbacked sheet turns on the 
entry sensor 54 again, and is conveyed downward in the 
carry-out conveyance path 60 by being led by the reverse 
branch pawl 53, which has been previously shifted by the 
Solenoid. 

In a case of forming an image on a single sheet, the carry 
out motor 65 starts driving after the sheet to be switchbacked 
turns on the entry sensor 54. The sheet is conveyed in the 
carry-out conveyance path 60 by the first intermediate con 
veyance roller 61, the second intermediate conveyance roller 
62, and the carry-out roller 63. A rear end of the sheet turns off 
the entry sensor 54 after the rear end of the sheet passes by the 
entry sensor 54. The reverse motor 55 stops after the entry 
sensor 54 is turned off. 
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6 
Since the first intermediate conveyance roller 61 is driven 

by the reverse motor 55 while conveying a first half of the 
sheet, the first intermediate conveyance roller 61 can surely 
receive a front end of the sheet even when there is a delay in 
starting the carry-out motor 65 to drive after the entry sensor 
54 is turned on. Further, since the first intermediate convey 
ance roller 61 is driven by the carry-out motor 65 while 
conveying a second half of the sheet, the reverse motor 55 
may stops after a rear end of the sheet passes by the entry 
sensor 54 as described above. As the entry sensor 54 is turned 
off and the reverse motor 55 stops immediately after the rear 
end of the switchbacked sheet passes by the reverse roller 51, 
the reverse motor 55 can start driving the reverse roller 51 in 
the carry-indirection so that a next sheet can be conveyed into 
the carry-in conveyance path 50. Therefore, a sheet reverse 
operation can be efficiently performed. 
When the sheet is carried out of the sheet reversing unit 5 

by using the carry-out roller 63, the sheet is caused to wait at 
a position of the pair of registration rollers 13. Then, the sheet 
is conveyed into the image forming unit 2 in predetermined 
timing, synchronized with an image forming operation per 
formed by the image forming unit 2, so that another image is 
formed on a second side of the sheet. 

As described above, the first intermediate conveyance 
roller 61 receives the driving force from the reverse motor 55 
and the carry-out motor 65 through respective one-way 
clutches as shown in FIG. 4. Alternatively, the timing pulleys 
56 and 66 can be provided with electromagnetic clutches 57 
and 67, respectively, so that the first intermediate conveyance 
roller 61 receives the driving force from the reverse motor 55 
and the carry-out motor 65 through the electromagnetic 
clutches 57 and 67, respectively, as shown in FIG. 5. In the 
case, when the reverse motor 55 needs to drive the first inter 
mediate conveyance roller 61, the electromagnetic clutch 57 
is turned on, and the electromagnetic clutch 67 is turned off. 
On the other hand, when the carry-out motor 65 needs to drive 
the first intermediate conveyance roller 61, the electromag 
netic clutch 67 is turned on, and the electromagnetic clutch 57 
is turned off. While the reverse motor 55 is driving the reverse 
roller 51 in the carry-in direction before switchbacking a 
sheet, the electromagnetic clutch 57 is offso as not to transmit 
the driving force of the reverse motor 55 to the first interme 
diate conveyance roller 61. On the other hand, when the 
reverse motor 55 is reversely driving the reverse roller 51 after 
the sheet is switchbacked, the electromagnetic clutch 57 is 
turned on to drive the first intermediate conveyance roller 61. 
In this case, the electromagnetic clutch 67 is off so as not to 
transmit the driving force of the carry-out motor 65 to the first 
intermediate conveyance roller 61. After a rear end of the 
switchbacked sheet passes by and turns off the entry sensor 
54, the reverse motor 55 stops, and the electromagnetic clutch 
57 is turned off. 

On the other hand, when the switchbacked sheet is con 
veyed by the carry-out roller 63 driven by the carry-out motor 
65, the electromagnetic clutch 67 is turned on, and the elec 
tromagnetic 57 is turned off so as not to transmit the driving 
force of the reverse motor 55. Therefore, even when the first 
intermediate conveyance roller 61 is driven for carrying out 
the sheet, the reverse motor 55 can drive the reverse roller 51 
for conveying a next sheet in the carry-in direction. 

Alternatively, the timing pulleys 56 and 66 can be provided 
with a one-way clutch and an electromagnetic clutch, respec 
tively. Alternatively, the timing pulleys 56 and 66 can be 
provided with an electromagnetic clutch and a one-way 
clutch, respectively. 
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When a plurality of sheets are successively conveyed into 
the sheet reversing unit 5 for performing, for example, 
double-sided image forming, the following operation is per 
formed. 

In order to achieve the same productivity as productivity of 
single-sided image forming, after image forming is per 
formed on a first side of a sheet and before image forming is 
performed on a second side of the sheet, image forming is 
performed on another sheet (hereinafter referred to as inter 
leaf control). In a case where a length of a sheet in a convey 
ance direction is shorter than a length of a narrow side (210 
mm/216 mm) of standard size paper such as A4 and LT which 
is most commonly used, three-sheet interleaf control is per 
formed. In a case where the length of a sheet in the convey 
ance direction is not smaller than the length of the narrow side 
of the standard size paper, and in a case of A3 and DLT size 
sheets having lengths twice as long as the length of the stan 
dard size paper, two-sheet interleaf control is performed. As a 
result, double-sided image forming and single-sided image 
forming have the same productivity. 

In the case of the three-sheet interleaf control, images of 
second, fourth, and sixth pages are formed on first sides of 
first, second, and third sheets, respectively, in that order, and 
then, an image of a first page is formed on a second side of the 
first sheet. Next, images of eighth, third, and tenth pages are 
formed on a first side of a fourth sheet, a second side of the 
second sheet, and a first side of a fifth sheet, respectively, in 
that order. Then, images of fifth, twelfth, and seventh pages 
are formed on a second side of the third sheet, a first side of a 
sixth sheet, and a second side of the fourth sheet, respectively, 
in that order. Image forming is alternately performed on a first 
side of a sheet and a second side of another sheetas described 
above, and is successively performed on second sides of three 
sheets to finish double-sided image forming. In other words, 
after image forming is performed on a first side of a first sheet 
and before image forming is performed on a second side of 
the first sheet, image forming is performed on first sides of 
next two sheets which are conveyed into the sheet reversing 
unit 5. 

Under the three-sheet interleaf control of the double-sided 
image forming, the sheet reversing unit 5 operates as 
described below when a sheet size is LT. 
A first sheet P1 having an image formed on a first side 

thereof is switchbacked, and the carry-out motor 65 stops to 
cause the first sheet P1 to wait when a front end of the first 
sheet P1 arrives at a predetermined carry-out waiting position 
located in the vicinity of an exit located before a meeting 
point between the carry-out conveyance path 60 and the con 
veyance path from the sheet feeding tray11. The arrival of the 
front end of the first sheet P1 at the predetermined carry-out 
waiting position is detected by timer-count of a timer that is 
triggered when the front end of the first sheet P1 turns on the 
exit sensor 64. 
When image forming is performed on first sides of second 

and third sheets P2 and P3, the second sheet P2 and the third 
sheet P3 are conveyed at longer intervals than a normal inter 
valso as to secure enough time for the preceding sheet to be 
switchbacked by the reverse roller 51. Further, when the 
second sheet P2 having an image formed on the first side 
thereof is conveyed into the sheet reversing unit 5, a rear end 
of the switchbacked first sheet P1 has already turned off the 
entry sensor 54. Therefore, the reverse motor 55 can drive the 
reverse roller 51 to rotate in the carry-in direction so that the 
second sheet P2 is conveyed into the carry-inconveyance path 
50 (FIG. 6). 

Alternatively, the first sheet P1 can be under conveyance 
when the second sheet P2 is conveyed into the sheet reversing 
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8 
unit 5. The first sheet P1 is not necessarily waiting at the 
carry-out waiting position. In the case, the reverse motor 55 
drives the reverse roller 51 to rotate in the carry-in direction, 
and the carry-out roller 63 drives the carry-out roller 63 to 
rotate in the carry-out direction. The first intermediate con 
veyance roller 61 rotates in the carry-out direction. The sec 
ond sheet P2 conveyed into the carry-in conveyance path 50 is 
immediately switchbacked. When the front end of the switch 
backed second sheet P2 arrives at a predetermined interme 
diate waiting position located downstream of the first inter 
mediate conveyance roller 61, and when the preceding first 
sheet P1 is waiting at the carry-out waiting position, the 
reverse motor 55 stops so as to cause the second sheet P2 to 
wait at the intermediate waiting position (FIG. 7). 
A distance between the intermediate waiting position and 

the carry-out waiting position is set to a value larger than a 
length L of a largest sheet on which the three-sheet interleaf 
control is performed. In the embodiment of the present inven 
tion, the length L is 216 mm which is a length of a narrow 
side of an LT size sheet. For example, the intermediate wait 
ing position is located at a conveyance distance of 170 mm 
away from the entry sensor 54 (the conveyance distance 
between the entry sensor 54 and the intermediate waiting 
position is shorter than L). Arrival of a front end of a sheet at 
the intermediate waiting position is detected by timer-count 
of a timer which is triggered when the sheet turns on the entry 
sensor 54 after being switchbacked. 

Alternatively, the intermediate waiting position can be 
variably controlled according to a size of a sheet on which 
image forming is performed. When the third sheet P3 is 
conveyed from the pair of registration rollers 13 into the 
image forming unit 2, and as image forming is started on the 
first side thereof, a rear end of the third sheet P3 turns off the 
registration sensor 12. Then, the carry-out motor 65 starts 
driving the carry-out roller 63 to convey the first sheet P1 
waiting at the carry-out waiting position toward the pair of 
registration rollers 13. At the time, in a case where the second 
sheet P2 is waiting at the intermediate waiting position, the 
reverse motor 55 can be simultaneously driven in the carry 
out direction when the carry-out motor 65 is driven so that the 
second sheet P2 and the first sheet P1 are conveyed while 
keeping a constant interval therebetween. 

After the first sheet P1 reaches the pair of registration 
rollers 13, the carry-out motor 65 stops so as to cause the first 
sheet P1 to wait for synchronization with image forming. The 
reverse motor 55 stops after the rear end of the second sheet 
P2 turns off the entry sensor 54. In the case where the sheet 
size of the narrow side is LT, although the reverse motor 55 
stops after the carry-out motor 65 stops, the second sheet P2 
can be conveyed even after the carry-out motor 65 has stopped 
since the first intermediate conveyance roller 61 rotates by 
being driven by the reverse motor 55 in the carry-out direc 
tion. In this case, although the interval between the first and 
second sheets is shortened, the shortened interval can be kept 
and the first and second sheets may not conflict with each 
other since a distance L between the entry sensor 54 and the 
pair of registration rollers 13 is set to a value larger than the 
length L. multiplied by a factor of two (FIG. 8). 

In a case where a small-sized sheet such as B5 arranged in 
landscape orientation is conveyed, since the rear end of the 
second sheet P2 turns off the entry sensor 54 before the first 
sheet P1 reaches the pair of registration rollers 13, the carry 
out motor 65 stops after the reverse motor 55 stops. In this 
case, since the first intermediate conveyance roller 61 rotates 
by being driven by the carry-out motor 65 even after the 
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reverse motor 55 has stopped, the second sheet P2 is conveyed 
as the first sheet P1 is conveyed while keeping a constant 
interval therebetween. 

When the first sheet P1 is conveyed into the image forming 
unit 2 from the pair of registration rollers 13, the carry-out 
motor 65 is driven simultaneously when the pair of registra 
tion rollers 13 is driven so that both the first sheet P1 and the 
second sheet P2 are conveyed. The carry-out motor 65 stops 
after the front end of the second sheet P2 turns on the exit 
sensor 64 and is conveyed to the carry-out waiting position. 
Since image forming is performed on a first side of a fourth 
sheet fed from the sheet feeding tray 11 after image forming 
is performed on a second side of the first sheet P1, the second 
sheet P2 is caused to wait at the carry-out waiting position. At 
the same time, a third sheet P3 having an image formed on a 
first side thereof is conveyed into the sheet reversing unit 5. 
Switchbacked, and conveyed toward the intermediate waiting 
position by being driven by the reverse motor 55. 

In both a case where a preceding sheet has already been 
carried out from the carry-out waiting position and a case 
where a preceding sheet is waiting at the position of the pair 
of registration rollers 13 when one of the second sheet P2 and 
sheets thereafter reaches the intermediate waiting position, 
the sheet is not stopped at the intermediate waiting position, 
and the reverse motor 55 continues driving until a rear end of 
the sheet turns off the entry sensor 54. In a case where the 
preceding sheet is under conveyance even after the reverse 
motor 55 stops driving, the first intermediate conveyance 
roller 61 conveys the sheet by being driven by the carry-out 
motor 65. In a case where the preceding sheet is stopped at the 
position of the pair of registration rollers 13, on the other 
hand, the sheet is stopped, and conveyance thereof is restarted 
to follow conveyance of the preceding sheet. 

Whether or not a sheet is caused to wait at the intermediate 
waiting position does not depend on a size of the sheet, but on 
setting of an interval between sheets, in other words, setting 
of productivity. On the fourth sheet and sheets thereafter, 
image forming is alternately performed on a sheet fed from 
the sheet feeding tray 11 and a sheet carried out of the sheet 
reversing unit 5. Therefore, image forming can be performed 
at the same interval as single-sided image forming after image 
forming is performed on a second side of a first sheet. As a 
result, productivity of double-sided image forming is the 
same as productivity of single-sided image forming. 

In the case where the configuration includes the first and 
third intermediate conveyance rollers with the intermediate 
waiting position located downstream of the third intermediate 
conveyance roller, when a preceding sheet (a first sheet) is 
stopped at the carry-out waiting position, the third interme 
diate conveyance roller is also stopped. Further, a sheet is 
conveyed by the reverse motor 55 to the third intermediate 
conveyance roller. The third intermediate conveyance roller 
having the one-way clutch rotates and conveys the sheet to the 
intermediate waiting position, and then the reverse motor 55 
stops so as to cause the sheet to wait. 

In the case where the configuration includes the first and 
third intermediate conveyance rollers with the intermediate 
waiting position located between the first and third interme 
diate conveyance rollers, the reverse motor 55 stops after the 
carry-out motor 65 stops when a sheet size of the narrow side 
is LT. The first intermediate conveyance roller rotates by 
being driven by the reverse motor 55 in the carry-out direc 
tion. The first intermediate conveyance roller having the one 
way clutch rotates and conveys both the second sheet P2 and 
the first sheet P1 while keeping a constant interval therebe 
tWeen. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
In the case of the two-sheet interleaf control that is mainly 

used for a large size sheet, images of second and fourth pages 
are formed on first sides of first and second sheets, respec 
tively, in that order. Then, an image of a first page is formed on 
a second side of the first sheet. Next, images of sixth, third, 
and eighth pages are formed on a first side of a third sheet, a 
second side of the second sheet, and a first side of a fourth 
sheet, respectively, in that order. Then, images of fifth and 
tenth pages are formed on a second side of the third sheet and 
a first side of a fifth sheet, respectively, in that order. Image 
forming is alternately performed on a first side of a sheet and 
a second side of another sheet as described above, and is 
Successively performed on second sides of two sheets to 
finish double-sided image forming. In other words, after 
image forming is performed on a first side of a first sheet and 
before image forming is performed on a second side of the 
first sheet, image forming is performed on a first side of a next 
sheet which is conveyed into the sheet reversing unit 5. 

In this case, the sheet reversing unit 5 operates as described 
below. The same operation as the operation for the three-sheet 
interleaf control is omitted. 

A first sheet having an image formed on a first side thereof 
is switchbacked as in the case of the three-sheet interleaf 
control, and the carry-out motor 65 stops to cause the first 
sheet to wait when a front end of the first sheet arrives at the 
predetermined carry-out waiting position located in the vicin 
ity of the exit located before the meeting point between the 
carry-out conveyance path 60 and the conveyance path from 
the sheet feeding tray 11. In a case in which a rear end of the 
first sheet turns off the entry sensor 54, the revere motor 55 
stops when the entry sensor 54 is turned off. In another case in 
which the first sheet arrives at the carry-out waiting position 
before the rear end of the first sheet turns off the entry sensor 
54, the reverse motor 55 stops simultaneously when the carry 
out motor 65 stops. 
A distance between the reverse roller 51 and the carry-out 

waiting position is set to a value larger than a length L of a 
largest sheet on which the two-sheet interleaf control is per 
formed. Therefore, even in the case in which the first sheet 
arrives at the carry-out waiting position before the entry sen 
sor 54 is turned off, the rear end of the first sheet is located 
between the reverse roller 51 and the entry sensor 54, and the 
reverse roller 51 does not hold the first sheet. 

When image forming is performed on a first side of a 
second sheet, the second sheet is conveyed at alonger interval 
than the normal interval So as to secure enough time for the 
first sheet to be switchbacked by the reverse roller 51. Con 
veyance of the first sheet toward the pair of registration rollers 
13 is restarted by driving the carry-out motor 65 after a rear 
end of the second sheet turns off the registration sensor 12. 
When the second sheet received into the carry-in conveyance 
path 50 stops after the rear end thereof turns off the entry 
sensor 54, confirmed restarting of conveyance of the first 
sheet (preceding sheet) from the pair of registration rollers 13 
to the image forming unit 2 causes the reverse motor 55 to 
start rotating the reverse roller 51 in the carry-out direction to 
switchback the second sheet. When the preceding first sheet is 
waiting at the position of the pair of registration rollers 13, 
driving of the reverse motor 55 is not started and the second 
sheet is not carried out. When switchbacked, the second sheet 
does not wait at the intermediate waiting position, but is 
conveyed to the carry-out conveyance position to stop. The 
second sheet waits at the carry-out conveyance position until 
a rear end of a third sheet supplied from the sheet feeding tray 
11 turns off the registration sensor 12 after an image is formed 
on a first side thereof. 
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The above procedures are repeated thereafter so that 
images are alternately formed on one of the sheets Supplied 
from the sheet feeding tray 11 and one of the sheets carried 
out of the sheet reversing unit 5. 

This patent specification is based on Japanese patent appli 
cations, No. JP2005-182656 filed on Jun. 22, 2005, No. 
JP2005-21 1188 filed on Jul. 21, 2005, and No. JP2006 
008667 filed on Jan. 17, 2006, in the Japan Patent Office, the 
entire contents of which are incorporated by reference herein. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A sheet conveyance apparatus, comprising: 
a sheet conveyance path; 
a first conveyance mechanism located upstream in the 

sheet conveyance path; 
a first drive mechanism configured to drive the first con 

Veyance mechanism to convey a sheet forward and back 
ward; 

a second conveyance mechanism located downstream in 
the sheet conveyance path; 

a second drive mechanism configured to drive the second 
conveyance mechanism; 

a first intermediate conveyance mechanism located 
between the first and second conveyance mechanisms in 
the sheet conveyance path; 

a first drive transmission mechanism configured to inter 
mittently transmit drive force from the first drive mecha 
nism to the first intermediate conveyance mechanism in 
a backward direction, when the first conveyance mecha 
nism is being driven backward by the first drive mecha 
nism; and 

a second drive transmission mechanism configured to 
intermittently transmit drive force from the second drive 
mechanism to the first intermediate conveyance mecha 
nism so that the first intermediate conveyance mecha 
nism drives the sheet backward while the first drive 
mechanism drives the first conveyance mechanism for 
ward. 

2. The sheet conveyance apparatus according to claim 1, 
further comprising: 

a second intermediate conveyance mechanism located 
between the first intermediate conveyance mechanism 
and the second conveyance mechanism in the sheet con 
Veyance path. 

3. The sheet conveyance apparatus according to claim 2, 
further comprising a control mechanism configured to control 
conveyance of a sheet reversed by the first conveyance 
mechanism so that the conveyance of the sheet is stopped 
when a front end thereof arrives at a carry-out waiting posi 
tion located downstream of the second conveyance mecha 
nism in the sheet conveyance path and at an intermediate 
waiting position located between the first and second inter 
mediate conveyance mechanisms. 

4. The sheet conveyance apparatus according to claim 2, 
further comprising a control mechanism configured to control 
conveyance of a sheet reversed by the first conveyance 
mechanism so that the conveyance of the sheet is stopped 
when a front end thereof arrives at a carry-out waiting posi 
tion located downstream of the second conveyance mecha 
nism in the sheet conveyance path and at an intermediate 
waiting position located between the second intermediate 
conveyance mechanism and the second conveyance mecha 
nism. 

5. The sheet conveyance apparatus according to claim 3, 
wherein a distance between the second intermediate convey 
ance mechanism and the first conveyance mechanism is a 
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12 
value Smaller than a length of a smallest size sheet Subjected 
to a double-sided image forming operation under three-sheet 
interleaf control. 

6. The sheet conveyance apparatus according to claim 3, 
wherein a distance between the intermediate waiting position 
and the carry-out waiting position is greater than a value, and 
a distance between the first conveyance mechanism and the 
intermediate waiting position is Smaller than the value. 

7. The sheet conveyance apparatus according to claim 6. 
wherein a distance between the first conveyance mechanism 
and the carry-out waiting position is greater than the value 
multiplied by 2. 

8. The sheet conveyance apparatus according to claim 7. 
wherein the first drive mechanism is configured to stop driv 
ing the first conveyance mechanism so that conveyance of a 
sheet reversed by the first conveyance mechanism is stopped 
when a front end of the sheet arrives at the intermediate 
waiting position while another sheet is waiting at the carry 
out waiting position. 

9. The sheet conveyance apparatus according to claim 8. 
wherein the first drive mechanism is further configured to, 
after conveyance of the sheet is stopped when the front end of 
the sheet arrives at the intermediate waiting position, restart 
driving the first conveyance mechanism to rotate in a sheet 
carry-out direction simultaneously when the second drive 
mechanism starts driving. 

10. The sheet conveyance apparatus according to claim 9. 
wherein the first drive mechanism is further configured to 
stop driving the first conveyance mechanism after a rear end 
of a sheet reversed by the first conveyance mechanism passes 
by the first conveyance mechanism. 

11. The sheet conveyance apparatus according to claim 1, 
further comprising a control mechanism configured to control 
conveyance of a sheet reversed by the first conveyance 
mechanism so that the conveyance of the sheet is stopped 
when a front end thereof arrives at a carry-out waiting posi 
tion located downstream of the second conveyance mecha 
nism in the sheet conveyance path and at an intermediate 
waiting position located between the first intermediate con 
Veyance mechanism and the second conveyance mechanism. 

12. The sheet conveyance apparatus according to claim 1, 
wherein the second drive transmission mechanism is config 
ured to perform one-way transmission of the drive force. 

13. An image forming apparatus, comprising: 
a sheet conveyance apparatus including: 

a sheet conveyance path; 
a first conveyance mechanism located upstream in the 

sheet conveyance path; 
a first drive mechanism configured to drive the first 

conveyance mechanism to convey a sheet forward and 
backward; 

a second conveyance mechanism located downstream in 
the sheet conveyance path; 

a second drive mechanism configured to drive the Sec 
ond conveyance mechanism; 

a first intermediate conveyance mechanism located 
between the first and second conveyance mechanisms 
in the sheet conveyance path; 

a first drive transmission mechanism configured to inter 
mittently transmit drive force from the first drive mecha 
nism to the first intermediate conveyance mechanism in 
a backward direction, when the first conveyance mecha 
nism is being driven backward by the first drive mecha 
nism; and 

a second drive transmission mechanism configured to 
intermittently transmit drive force from the second drive 
mechanism to the first intermediate conveyance mecha 



US 7,607,658 B2 
13 

nism so that the first intermediate conveyance mecha 
nism drives the sheet backward while the first drive 
mechanism drives the first conveyance mechanism for 
ward. 

14. The image forming apparatus according to claim 13, 
wherein in represents a number of the sheets carried into the 
sheet conveyance apparatus after image forming is performed 
on one side of a sheet and before image forming is performed 
on the other side of the sheet when double-sided image form 
ing is Successively performed on a plurality of sheets, and 
whereinn is equal to 2 when a length of a sheet carried into the 
sheet conveyance apparatus is equal to or Smaller thana value, 
n is equal to 1 when the length of the sheet is greater than the 
value and is shorter than a distance between the first convey 
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14 
ance mechanism and a carry-out waiting position, and n is 
equal to 0 when the length of the sheet is equal to or greater 
than the distance between the first conveyance mechanism 
and the carry-out waiting position. 

15. The image forming apparatus according to claim 14, 
wherein the distance between the first conveyance mecha 
nism and the carry-out waiting position is greater than the 
value multiplied by 2. 

16. The image forming apparatus according to claim 15, 
wherein the distance between the first conveyance mecha 
nism and the carry-out waiting position is greater than a 
length of a largest sheet on which image forming is per 
formed. 


